We have observed the intensity fluctuations of the F =2 87 Rb atom laser at low output coupling rate. Theoretically, we find that the atom loss of the condensate due to the output of atom laser leads to fluctuations of the laser pulses, which is inherent in all state changing out-coupling such as rf and Raman. Another reason leading to large fluctuations is the interference of output pulses.
ing to fluctuations: the atom loss of the condensate due to the output of atom laser and the interference of the output atom clouds. (3) our results show that the fluctuations of the atom laser in the F =2 manifold of 87 Rb atoms do not decrease with the coupling strength, which is different from the continuously coupled atom laser.
The experimental results
The experimental setup is the same as that described in our previous work [16] . In brief, we get samples of condensates in a compact low power Then the rf pulses are switched on to couple the atoms. The images are taken right after switching off the magnetic trap. Fig. 1 shows the image of atom laser after 4 rf pulses. The time separations are ∆t 1 = 1.9 ms between the first and second pulse, ∆t 2 = 2.2 ms between the second and the third pulse, ∆t 3 = 2.9 ms between the third pulse and the fourth pulse and ∆t 4 = 5.0 ms between the fourth pulse and the imaging. The back-coupling induced noise [7] can be neglected because of the large enough time separations. The rf pulse duration is 24 µs, and the coupling strength is Ω = 19000 Hz. The frequency of the rf is set to be resonant with the center of the condensate. In Fig. 1 , the first out-coupled pulse is a single could of atoms as we expect. However, the second one is composed of two clouds. The third and the fourth one look more complex. The fluctuations appear because the m F = 1 state (trapped state) is populated after the first rf pulse. Then the following atom laser pulses come from both the m F = 2 and m F = 1 state.
This has been predicted in [7] theoretically. However, it has not been observed experimentally.
Analyses using the Gross-Pitaevskii equations
To investigate the forming process of atom laser beams, the one-dimensional GP equations [8, 17] are used to study the dynamics of the coupling process, which are given by
Here [9] . The small de Broglie wavelengths due to the large velocities require very fine temporal and spatial grids to ensure the validity of numerical simulation. We use the 1D GP equations to simplify the numerics and the time-splitting sine-spectral (TSSP) method [18] preformed by FOR-TRAN to speed up the simulation. Fig. 2 shows the experimental data of the 1D density and the numerical fitting. Picture (a),(b),(c) and (d) correspond to the first, second, third and fourth pulse at t = 12 ms, respectively. In fact, it appears that there is more information in the numerical simulation results since the resolution of absorption image is limited to several µm typically. We use the GP equations to study the fluctuations in the following, which removes the limitation of the image resolution.
The forming process of the atom beams without the back-coupling is shown in Fig. 3 by numerically solving the 1D GP equations. Although the process with back-coupling has been discussed in [7] , we provide the analysis to better Using the GP equations, the fluctuations with different coupling strength are shown in Fig. 4 . The fluctuations keep large as the decreasing of the coupling strength. The shape of the density distribution trends to be fixed (Fig. 4 (c) and Fig. 4 (d) ) at very low coupling strength. This is different from the continuously coupled atom laser. For continuously coupled atom laser, experiments demonstrate that quite stable flux can be formed if the coupling strength is low [8, 19] , and numerical simulations also show that the fluctuations decrease with the coupling strength [9] . This can be explained by the difference of the spatial appear to be a useful tool to study the dynamics of atom lasers. The atoms numbers in Fig. 4 (b) , (c) and (d) are estimated to be at least one order less than that in Fig. 4 (a) so it is hard to study experimentally.
We find that the atom loss of the condensate due to the output of atom laser leads to fluctuations. From left to right in Fig. 6 (a) , the first atom cloud is out-coupled from m F =2 state, and the second is from m F =1 state. There is a relative velocity between them. As they overlap, stripes appear in Fig. 6 (b) . Then they sufficiently overlap later in Fig. 6 (c) . These interference stripes are with high frequency in space, which make them hard to be detected by absorption image, e.g., in
the Fig. 2 (d) . The fluctuations trend to be larger in later laser pulse in Fig. 2 as more clouds in one pulse have more chances to overlap.
Conclusion
In conclusion, we demonstrate that the fluctuations of pulsed atom laser in the Hz and 700 Hz, respectively. The other parameters are the same as the experiment. 
